Using limiting dilution analysis, we have detected both the generation and suppression of autocytotoxic cells following autologous or allogeneic stimulation in vitro. Assay conditions were established in which the cytotoxic response toward an allogeneic sensitizing cell was consistent with a traditional single-hit kinetic model. Under identical conditions, cytolytic activity toward autologous phytohemagglutinin-activated lymphoblasts exhibited a distinct biphasic response. At low responder cell doses, a clear autocytotoxic response was observed. However, at higher responder cell numbers, this autocytotoxic reaction disappeared. This biphasic pattern of autocytotoxicity developed after stimulation with allogeneic or autologous peripheral blood mononuclear leukocytes (PBL) or Epstein-Barr virus-transformed B cells. This pattern of response is consistent with the counterpoised actions of two distinct cell populations, an autoaggressive population and a lower frequency autosuppressor population. Autocytotoxicity was not the result of mitogenic or xenogeneic antigenic stimulation, as it was observed after stimulation with autologous PBL in autologous serum and an autologous interleukin 2 preparation. Thus, cells capable of autocytotoxicity are present in peripheral blood but at a lower frequency than allocytotoxic T lymphocytes. Furthermore, autoaggressive cells are downregulated by an autologous suppressor population. These findings suggest that immunologic self-tolerance is, at least in part, an actively maintained condition. Disturbances in this autoregulatory network may have relevance to the pathogenesis of some autoimmune diseases and graft-versus-host disease.
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One ofthe most striking characteristics ofthe immune system is its ability to react with a broad variety of foreign antigens while being selectively tolerant to "self' (1, 2) . The T-cell repertoire and the capacity for the recognition and tolerance of self appear to be critically shaped in the thymus as T cells develop immunocompetence (3) (4) (5) . The mechanisms by which immunologic autoaggression is prevented remain unknown. While several models have been proposed, they suggest, in general, either the clonal elimination of self-aggressive cells during T-cell ontogeny (2) or the ongoing suppression of such cells (reviewed in ref. 6) .
Peripheral blood mononuclear leukocytes (PBL) do not in general proliferate or develop cytotoxicity in vitro when exposed to autologous cells. Purified T cells, however, do proliferate in response to autologous non-T cells in the syngeneic or autologous mixed lymphocyte culture reaction (7, 8) . Although interleukin 2 (IL-2) production and T-cell proliferation are regularly seen in the autologous mixed lymphocyte culture (9) , the generation of autocytotoxic T lymphocytes is an inconsistent finding (10, 11 ). An autoaggressive response has occasionally been demonstrable when the responder PBL population is fractionated in some way (12, 13) or when exogenous growth factors are added (14) . Autoaggressive cells have similarly been isolated from the blood ofpatients with aplastic anemia (15, 16) . These findings together suggest that autocytotoxic cells can be generated, but only under conditions in which a homeostatic regulatory system present within normal unfractionated PBL has been disturbed. Recent studies in rats suggest that normal but not irradiated animals possess a regulatory mechanism capable of controlling autoaggressive T cells (17) .
By using limiting dilution analysis (LDA), the present studies demonstrate that an autoaggressive response is reproducibly generated after in vitro stimulation with autologous or allogeneic cells. It is further demonstrated that, in contrast to allocytotoxic cells, autoaggressive cells exhibit a biphasic pattern of response and are normally downregulated by a second PBL population.
MATERIALS AND METHODS
Cell Populations. PBL were isolated from healthy human donors by Ficoll-sodium metrizoate density gradient centrifugation (18) (Lymphoprep, Accurate Chemicals, Westbury, NY). B-lymphoblastoid cell lines (BLCL) were generated with Epstein-Barr virus as described (19) .
IL-2 Source. Three sources of IL-2 were used as follows: (i) IL-2 containing human conditioned medium (IL-2/HC medium) was produced from PBL that had been pulsed for 2 hr with purified phytohemagglutinin (PHA-HA-16, Burroughs Wellcome, Research Triangle Park, NC) and phorbol myristic acetate (Sigma) as described (20) . (ii) MLA-IL-2 from the MLA-144 cell line (21) Taswell (24) .
When the data showed P > 0.05, the relationship between responder cell dose and the number of nonresponding wells (FO) was considered consistent with a single-hit kinetic model. The precursor frequency (f) is equivalent to the slope of the regression line.
In the analysis and quantitation of suppressor cells, the zero-order term of the Poisson equation instead reflects those cultures that respond (i.e., do not contain a suppressor cell) (25) . The techniques developed for enumeration of allogeneic cytotoxic T-lymphocyte precursors were then applied to autologous cell combinations. Autologous serum was used to minimize T-cell stimulation by foreign serum proteins. Sur- prisingly, in all individuals tested (n = 14), when irradiated autologous PBL or BLCL were used as stimulator cells, a strong autocytotoxic reaction against autologous PHAstimulated lymphoblasts was invariably generated (Fig. 2) . At low responder numbers, the number of wells demonstrating autocytolytic activity increased as the responder dose increased. Indeed, at optimal responder cell doses, 80-90o of the wells were positive. As the number of responder cells was increased further, however, the autocytolytic activity disappeared. Thus, in sharp contrast to the allocytotoxic response, the autocytotoxic reaction was biphasic. This biphasic pattern can be explained by the action of two counterpoised cell populations. The first population, present at higher frequency, is autocytotoxic. The second population, present at a lower frequency, inhibits the generation of autocytotoxicity. At low responder cell numbers, few wells receive the regulatory population and therefore an autoaggressive response can be observed. At higher responder cell doses, more wells receive regulatory cells, and the autoaggressive response disappears. The data from the descending portion of the autologous LDA graph (responder cell doses from zero to the point of inflection) were analyzed in semilogarithmic Fo plots. When PBL were used as stimulators, Fo plots were usually consistent with single-hit kinetics (Fig. 3A) . Precursor frequencies for these autoreactive cells ranged from 1/2858 to 1/7899.
The data from the ascending portion of the autologous LDA graph (responder cell doses from the point of inflection to 50,000) were analyzed in F+ plots. When PBL were used as stimulators (Fig. 3C) , data points on F+ plots fell within the calculated 95% confidence intervals. This was consistent with an inhibitory cell inactivating autocytolytic cells in a single-hit fashion. The inhibitory cell precursor frequency range was 1/16,848 to 1/52,629.
Additional experiments were performed with autologous BLCL as stimulator cells. Autocytolytic activity was again measured using autologous PHA-activated lymphoblasts. The response patterns were biphasic, indicating the development of both autocytotoxic and autosuppressor cells (Fig. 2) .
However, neither the Fo plots nor the F+ plots conformed to a single-hit kinetic model after autologous BLCL stimulation ( Fig. 3 B and D pared as target cells (Fig. 4) . After sensitization with autologous PBL stimulator cells, cytolytic activity against these two targets followed very similar biphasic curves. This suggested that the autocytolytic response was not simply a consequence of the presence of PHA in the test wells.
Additional LDAs with autologous PBL stimulator cells were performed in which the cytotoxicity against autologous PHA lymphoblasts was compared to that against a natural killer target, K562. Cells capable of lysing the K562 target were far more frequent than cells capable ofautocytotoxicity. Moreover, while the autocytotoxic response remained biphasic, the K562 response was linear and remained strongly positive at increasing responder cell doses. Thus, the autoaggressive response differed both qualitatively and quantitatively from the natural killer cell activity generated in these cultures.
Finally, although all LDAs were performed using autologous serum, it remained possible, although unlikely, that the autocytolytic response was the result of stimulation by exogenous proteins in the lymphocyte-conditioned medium. A LDA was therefore performed in an entirely autologous system. Autologous PBL stimulator cells and an autologous IL-2/HC medium previously prepared from the responder's PBL in autologous serum were used for this culture. The same biphasic response was seen (Fig. SA) . The Fo yielded a precursor estimate of 1/2864 for the autoaggressive population, while the F+ yielded an estimate of 1/16,848 for the regulatory population (Fig. 5 B and C) .
Autocytotoxic Response After Allogeneic Stimulation. The autocytotoxic and autosuppressive responses were analyzed after allogeneic sensitization. A biphasic response toward autologous PHA lymphoblasts was again seen (Fig. 6A) . Fo plots demonstrated 'single-hit kinetics and yielded an autocytotoxic precursor frequency of 1/4708 compared to an allocytotoxic precursor frequency of 1/478 (Fig. 6B) . The autosuppressor frequency was sharply increased after allogeneic stimulation (Fig. 6C) Autocytotoxicity has previously been detected in LDAs when F1 mice were stimulated with parental cells (13) . No decrease in the autocytotoxic reaction was noted. However, only data from low responder/stimulator ratios were reported. These would correspond to data points from the cytotoxic aspect of the biphasic curve in the present study. Both nonspecific natural killer-like (11, 12) and specific (10, 14, 16) and suppress immunoglobulin synthesis (26, 27) . It is unclear whether autoaggressive cells are inhibited through direct cell-to-cell contact (either cytotoxic or noncytotoxic) or through the release of soluble factors by the regulatory population. It is unlikely that the disappearance of autocytotoxicity is due to exhaustion of the culture medium or overgrowth, as allocytolytic and natural killer activity remained strongly positive under the same culture conditions. In addition, suppression frequently appeared rapidly over a narrow range of responder cell doses. This suggested that it resulted from a highly active and specific mechanism rather than from nonspecific cold target cell competition from the expanding responder cell populations.
The present findings argue that self-tolerance is an actively maintained state, requiring the proper balance between autocytotoxic and autosuppressor cells to prevent the development of overt autoaggression. A lack of suppressor activity has been demonstrated in association with the development of autoimmunity in NZB mice (28) . Furthermore, a disturbance in the autoregulatory balance may be associated with graft-versus-host disease following HLA identical or syngeneic bone marrow transplantation. A syndrome identical to graft-versus-host disease can be generated in rats after withdrawal of cyclosporin A in syngeneic bone marrow transplant recipients (17) . This syndrome can be adoptively transferred via infusion of T cells into irradiated but not normal animals. These findings are consistent with the presence of cells capable of down regulating autoaggressive T lymphocytes in the intact animals.
A second point emerges from the present studies concerning the mechanisms that maintain self-tolerance. Although cells capable of autoaggression do exist in normal peripheral blood, these cells exist at 1/10th the frequency of alloreactive cells. This is similar to the ratio of alloproliferative and autoproliferative cells reported previously (29) . It must be emphasized that this comparison does not reflect the number of T cells responding to the entire spectrum of alloantigens, but rather the frequency of T lymphocytes that can respond to the alloantigens expressed by a single unrelated individual. It has previously been demonstrated that the frequency of alloreactive T cells does not increase after birth (30) . Thus, the autoreactive population appears to have been selectively contracted compared to the alloreactive population, implying that the T-cell repertoire has been shaped by the clonal elimination of some but not all autoaggressive cells. This would suggest that self-tolerance is maintained by several mechanisms rather than by a single process. In addition to the clonal elimination of autoaggressive cells during T-cell ontogeny, the ongoing activity of an autoregulatory population appears essential for the maintenance of self-tolerance and the prevention of autoimmunity.
